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The Angoumois Grain Moth,
{Gelechia cereallella,

This insect has caused

many

Oliv.)

much damage

to stored grain in

At the Station during the past
year it has been exceedingly destructive, wheat put into
the barns in June being entirely destroyed by September.
It attacks wheat and corn especially, but other grains are
by no means exempt.
this state for

years.

HISTORY AND DISTRIBUTION.
The

extensive account of the habits of this insect
by Reaumur, a French naturalist, who
found it very destructive to barley at Lucon, France. In
1760 it was very destructive to wheat in the province of
Angoumois, and Harris states that "the afflicted inhabitants
were thereby deprived not only of their principal staple,
wherewith they were wont to pay their annual rents, their
taxes, and their tithes, but were threatened with famine and
pestilence from the want of wholesome food." Two members of the Paris Academy of Sciences were commissioned
by the French Government to visit the province of Angoumois to investigate the habits of this insect, and since the
publication of their report the insect has received the popular name of "The Angoumois Grain Moth." The insect
is very destructive throughout southern Europe at the present time, and has become a well known pest.
The first record of its appearance in this country was
made in 1768 by Col. Landon Carter of Sabine Hall, Virginia, in an article published in the Transactions of the
American Philosophical Society, in which it was stated that
the insect had been noticed in North Carolina some forty
years before and had spread from there into Virginia, Maryland, and Delaware (Harris).
Since the publication of this
article, various writers have recorded its appearance in most
of the Eastern States.
It is most abundant hov/ever
throughout the Southern States, where it yearly causes
great damage to grain before, as well as after, it is gathered.
In the Northern States it is not so abundant, the
cooler temperature retarding its growth.
first

was given

in 1736
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DESCRIPTION.
The imag'o or mature form of this insect is a small moth,
shown at c in Fig. 1. The wings expand slightly over onehalf inch in length, and the antennae are nearly as long as
the body, tapering at the extremity. The body and forewings are of a light

gray color and have
a soft shiny appearthe hindance;
wings are of a darker hue than the forewings, narrow, and
tapering to a point
at the outer ends.
The outer posterior
extremities of the
fore-wings
bear
light gray colored

Fig.

1

Angoumois Grain Moth.

Enlarged. (After Riley.)
scales ''which are
thickest near the tip of the wings.
The fringe surrounding
the hind -wings is of the same color as the wings, being shortest at the outer anterior extremity (when the wings are outspread as in the figure) and longest at the inner posterior
The underside of the wings is much darker than the
edge.
upper side. The legs are slightly darker than the body, the
posterior pair being quite hairy and each bearing two prom
inent spurs.
An enlarged egg is shown at e in Fig. 1. According to
Riley it is very small, flat, and oval, of a pale red color Ynth
-

prismatic reflections.
The larva is of a light color and measures about onefourth inch in length when full grown. It is shown at a in
Fig. 1.
The head is brown and the body gradually tapers
posteriorly from the second segment.
The body bears
many light colored hairs, those upon the first and last segments being the longest. Each of the first three segments
of the body bears a pair of true legs while each of the sixth,
seventh, eighth, ninth, and last segments bears a pair of
prolegs.
The prolegs are small and terminate in minute
hooks.
The pupa, which is nearly one -fourth of an inch in
length, is shown at b in Fig. 1.
The anterior portion and
wing pads are dark brown, the abdomen being somewhat
lighter.
The wings reach nearly to the posterior extremity, and the eyes, which are plainly visible, are black.
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LIFE HISTORY AND HABITS.

0(

&

v

9 9

The moths are nocturnal in their
habits and the eggs are laid either upon standing grain in the field or when
stored in the granary or cribs. When
deposited upon corn the eggs are generally placed under the thin membrane
They are also
at the base of the seed.
laid in the grooves or depressions in
the seed, singly as a rule, or sometimes in clusters.
From the egg is hatched, in a few
days, the young larva, which immediately bores into the grain, where it eats
the farinaceous portion leaving but a
thin shell.
The small hole through
which the larva entered becomes closed by its excrement so that to all appearances the grain may be sound although consisting of but a thin shell.
The infested grain is easily detected,
however, by its light weight, and if a
few seeds are thrown into water those
infested will rise to the surface.
In
wheat and other small grains but one
larva is found within a seed, but in
corn several are often found. It is
probable that in the smaller seed the
larvae often devour their own excrement.

The length of life in the larval
state will vary according to temperature, and when mature, the larv^ form
the pupa within the grain, first boring
a small hole to the exterior for the
escape of the moths. In a few days or
weeks, according to the temperature,
the moths make their escape and lay
the eggs for another brood.
The number of annual generations
will vary according to climate and
temperature. Harris states that there
are but two broods in Massachusetts
Fig.
Ear of and this is doubtless the case in all the
In this state, howCorn.
Northern States.
Reduced. (After Riley.) ever, there are at least eight annual
generations. In warm weather it takes but a month to

2—
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pass from the e^g to the moth, and the various stages
of the insect can be found in infested grain at all times of
the year. There are thus no stated periods at which the
moths come forth, and if a quantity of infested grain is put
in a glass jar and covered with a piece of cheese cloth, the
moths will continue to issue from the grain for a long time.
The insects reproduce so rapidly that it takes but a
short 1^ime to destroy the grain when stored. In Fig. 2 is
shown an ear of corn from which the moths have escaped.
The nutritious portion of the grain is entirely eaten, and infested grain will not germinate,

PARASITES.
Several European writers upon this subject mention
parasites which prey upon the larvse of this insect.
In 1882

Mr. F. M. Webster
found a small mite
{Heterojms ventricoNewport)destroYing large numbers
of the larvsD of this
insect in Illinois.
The mites are exceedingly p r o 1 i fi c
and kill the grain
fs7is,

moth larvae by piercing the skin and
sucking the juices.
Small numbers of
this mite were found
in some infested
wheat at the Station pi^.

3— Parasite of Grain Moth.

barn during October
Enlarged,
and it is probable that they destroy large numbeivs of the
grain moth larvae.
Mr. Webster also describes a chalsid parasite^ Pteromalis
gelechice, which attacks the larvae of this insect, and some
infested wheat brought into the laboratory in October contained large numbers of this parasite. About an equal
number of parasites and nioths issued from the infested
wheat showing that the parasites do immense good in keeping the grain moths in check.
This parasite is shown in Fig. 3, and is a small, black,
fly-like, insect with four transparent, almost veinless wings.
The antennae are quite long, of a yellow color, the head
broad, eyes prominent, abdomen triangular and the legs
The male is somewhat shortlight yellow or nearly white.
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er than the female, being slightly less than one-tenth of an
inch, with an obtusely triangular abdomen. The female is
little over one -tenth of an inch long and the abdomen is.
acutely triangular.

The Black Weevil,
{Calandra

oryzce^

^

Linn.)

probably a native of the East ''Indies
as the "'Rice Weevil/' and for nearly ar
century ha« there been a well known pest. It is now, like
most grain insects, cosmopolitan^ being especially abundant
In the northern United States it is alin tropical climates.
most unknown, but in the South it is a serious pest.
This insect

where

it is

is

known

DESCRIPTION.
Tlie

mature insect

shown

is

at c in Fig. 4.

about one -eighth
an inch long, black,

It is

of

with four light brown
or reddish spots at the
corners of the elytra
or wing cases.
The
surface of the body is
indented, and upon
the elytra these indentations are arranged
in rows.
The mouth
parts are at the end of
a long snout and the
antennae elbow from
this snout as seen in
the figure. The eggs
are quite small, elongate, and translucent.
The larva is
shown at a in Fig. 4

FiG.4'— Black Weevil. Enlarged,

and when full grown
is about one -eighth of
an inch long. It is a
footless grub with a
white body and brown
head.
The body is
nearly cyl indrical,
curved as shown in
the figure, and along

INSECTS INJURIOUS TO STORED GRAIN.
the back is broader than beneath. The pupa is about the
same length as the larva and is shown at b in Fig. 4. It
is of a light color and the antenn93, fore-legs and wing
cases are plainly visible, the posterior legs being partly
folded beneath the wing cases.

LIFE HISTORY AND HABITS.
is found in the grain in the lield, but does
greatest damage after the grain has been gathered. Ah
though attacking other grains it injures corn more than any
other and an ear attacked has nearly the same appearance
as that shown in Fig. 2, where the attack was made by the
Angoumois grain moth.
The females make punctures by means of their snouts
in the kernels within which the eggs are laid, several being
sometimes laid in one kernel. In a few days these hatch and
the young larva3 feed upon the inner portion of the kernels,
and, when mature, the pupae are formed by a shedding of
the larval skin. In about two weeks the mature weevils
are produced and these, after pairing, lay eggs for another
generation.
The length of time required for the change from the
egg to imago varies from three weeks to two months or
over, varying according to temperature.
In a warm, even
temperature the increase of the weevils is quite rapid, while
cold weather greatly retards their growth. There are no
distinct broods of these insects, although there are probably at least eight annual generations. The insect in all
stages of egg, larva, pupa, and imago can be found at all
times in infested corn. The period of egg laying of a single
female is quite long, sometimes several weeks.
The black weevils damage corn as much in the imago
state as in the larval, as, not content with eating out the
center of the kernels as larvae, the mature weevils eat into
the kernels indiscriminately. Even greater damage is done
by the weevils than by the larveo.
It is probable that the black weevils produce an injurious action upon the stomach when corn infested with them
is fed to stock, and according to Riley cases are 'on record
w^here human beings have suffered, even unto death, from
the use of flour made from wheat badly infested with the
closely allied species {granaria), and the chitinous covering
is not only indigestible, but must be very irritating also."

This insect

its

'

PARASITES.
Mr. L. O. Howard has described a chalcid parasite upon this insect under the name of Pteromalis calandrw which
closely resembles the Pteromalis gelechice, show^n in Fig. 3.
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parasite however, and has not yet been

observed, here.

The Red Grain

Beetle,

{Silvanus cassice, Reiclie.)

the small. Hat, elongate, red beetle so common
South, Most of the members of the
family Cacujidse, to which this beetle belongs, have their
natural habitat under bark, although some species are found
in various commercial products.

This

is

in stored grain in the

DESCRIPTION,
The imago

about one -tenth of an inch long with a flat
body, slender legs, club shaped antennae, and of a reddishbrown color. It is shown at c in Pig. 5, the line at the right
showing the natural length.
is

The larva,
shown at a in
Fig. 5, is about
one -tenth of an
inch in length

when full grown,
and

is

somewhat

flattened.

body

is

color,

The

of a light

somewhat

darker than the

larva of the
black weevil, and
with a slight yellovvish

tinge.

The head

is

brown and the

^

—Red Grain Beetle.

legs, six in

Enlarged,

number, are pointed and darker

than the body.

The pupa is about the same length as the larva and of
the same color and is shown at h in Fig. 5.
The club-shaped antennae are folded between the fore and middle legs and
are plainly visible.

LIFE HISTORY AND HABITS.
The small white eggs

are laid at the base of the kernels
of corn and the larvae hatching in a few days from these
bore into the kernels at the soft portion near the base.
Several larvae may enter the same kernel, it not being uncommon to find a half dozen in one seed.
When mature, or in about three weeks, the larvae form
pupae within the seed from which the beetles escape in
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about two weeks. There are probably eight to ten annual
generations of this boetle, and it is not so much affected by
cold weather as is the black weevil.
In infested corn these beetles are seen upon the husk
or at the base of the kernels. They are quite lively and
when an ear of corn is husked they seek protection between
the kernels. They are gathered with the corn in the autumn and increase quite rapidly after the corn is stored.
The presence of the larvas within the kernels is not easily
detected from external appearances, as they eat, as a rule,
only the softer middle portion of the seed.

The Corn Sap-Beetle,
(Carpophilus pallipennis, Say.)

This insect belongs to the family Nitidulidae, the members of which, as a rule, feed upon liowers, fungi, and dry
decaying vegetable matter and are often found under the
bark of trees. Some species, however, have been reported
(see Insect Life) as feeding upon figs and raspberries.
They
receive the common name "Sap-beetles" owing to their entering fruit which has been previously injured by other insects or orther causes.

DESCRIPTION.
This beetle,

shown

Fig. 6,
is
about one -seventh of an
inch long, of a brownishat

b

in

black color, club-shaped

and light reddish-brown wing cases
which do not fully cover
the abdomen.
antennae,

larva is shown
Fig. 6 and is
about one -seventh of an
It has
inch long.
a
brown head and a few
sparsely placed hairs upon the body. It is readfrom
ily distinguished
the larva of the red
grain beetle by being
slightly larger and more

The

at a in

Fig

6— Corn Sap-Beetle.

Enlarged, cylindrical.

MISSISSIPPI

10

EXPERIMENT STATION.

HABITS.
This beetle is very common late in the summer and autumn. It is especially numerous where the ears have been
injured by boll worms, and it is probable that they are attracted to the ears by the decay of the grain caused by the
work of these insects. As a rule they feed only upon the
dry decayed kernels at the upper extremity of the ears, but
they will also feed upon sound corn, in which case the larvae
are found within the seed as in the case of the other grain
insects.
is most common upon corn in the
also found in the corn throughout the winter
when stored. This insect cannot be said to be very injurious for, as already stated, it feeds mostly upon the dry decaying kernels at the upper portion of the ear.

The corn

field,

but

sap-beetle

it is

Other Grain

Insects,

Among

the other insects injurious to
stored grain may be mentioned the following:

Silvanus surinamensis. Linn., is a small,
brown beetle very much resembling the
red grain beetle, but readily distinguished
from it by the saw-like edges of the thorax.
This beetle is shown in Fig. 7 and, as seen
from the illustration, the thorax has three
flat,

very prominent longitudinal ridges while the
wing cases bear several
less prominent ridges.
It is often found along
with the red grain
beetle and in some locauses considFig 7 Surinaerable damage.
Tribolium ferrugi- mensis Grain
Beetle.
neum, Fab. is a smaU
Enlarared.
beetle which feeds upon
dried animal and vegetable matter. It
is quite common in museums and at the
Station is a troublesome pest in the
It is shown in Fig. 8,
insect collection.
and, as its name ferrugineum implies,
Fig. 8— Brown Grain is of a light brown color. It is readily
Beetle. Enlarged, distinguished from the red grain beetle
calities

—

,
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by being slightly larger and not as flat. In the granary
sometimes quite common, especially in the spring.

11
it is

Calandra granaria, Linn., the common grain weevil, resembles very much the black weevil but is slightly larger
and lacks the red spots upon the elytra. Its habits and
depredations are the same as those of the black weevil,
and although sometimes found in the South, it is less common here than in the Northern States.

REMEDIES FOR GRAIN INSECTS.
As the remedies for all the insects infesting stored grain
are nearly similar, they are given here rather than separately at the end of each article.
The Angoumois grain moth having been such a well
known pest in Southern Europe, insect mills, resembling a
large coffee roaster, are constructed in which the grain is
heated for a few hours, whereby the grain moth in its various stages is destroyed.
Large machines are also built in
which the grain is violently agitated by means of which the
insects are destroyed.
Many claim that China berries {Melia azederach) placed
in corn cribs will tend to keep the weevils out and
drive away those already in the corn.
To test this a quantity of China berries were placed in a quantity of husked
corn infested with the black weevil. An examination of the
corn several weeks afterwards showed the weevils present
fully as numerous as before.
This being the case it is probable that the berries have but little eifect either in driving
the weevils away or in preventing their breeding.
Experiments with sulphur and salt proved both these
substances effective in ridding the infested corn of the black
weevils and the flat grain beetles. These substances were
sprinkled upon husked corn quite freely and an examination
a few days later showed none of the insects present in either
crib.
The same amount of these two substances placed upon corn in the husk in other cribs produced no effect upon
the insects, as they were protected by the husk.
Many farmers throughout the South protect their corn
by leaving an open place in the center of the roof of the
corn cribs, so as to allow the rain to thoroughly wet the
corn.
It is claimed that this causes the corn to go through
a process of heating during which the weevils are killed.
If there is good drainage at the bottom of the crib the corn
This is said by those who
will not be spoiled by mould.
practice it to be a thorough remedy but opportunity for a
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on an extended scale has not presented

itself at

the

Station.

The

best method of destroying grain insects, however,
Attention was first
of bisulphide of carbon.
called to the use of this substance on a large scale by Dr. C.
V. Riley in the "Farmer's Review" in March 1879, in an
In this article Dr. Riley adarticle upon the Rice Weevil.
vocated putting the grain in a tight bin and treating each
ton of grain with a quarter to half an ounce of the bisulphide
by placing the bisulphide in an open dish on top of the
grain and allowing it to evaporate.
Another method of apjDlying the bisulphide is by means
of a long tube or piece of pipe in which is a tight fitting
rod.
Push one end of the tube into the center of the grain,
withdraw the rod, pour the bisulphide down the tube, after
which the tube may be withdrawn: If a tight fitting rod
cannot be obtained, a plug can be put into one end of the
tube and after this end has been pushed into the grain the
plug can be loosened with a rod or stick. The bisulphide is
then poured in as before. It will not be necessary that the
bisulphide be put into the bottom, of the bin as it is heavier
than air. The object of putting it near the center of the
grain is to secure as even a distribution as possible.
Recently Prof. A. P. Church has published in the Kew
Bulletin another method of applying this substance.
"A
ball of tow is tied to a stick of such a length that it can just
be plunged into the middle of the vessel containing the
grain.
The tow receives the charge of bisulphide like a
sponge and is at once plunged into the sack or cylinder and
left there, the moath being tightl}^ closed."
Cotton is an
excellent material to receive the charge of bisulphide,
quantity of cotton should be securely tied to the end of a
long stick and after the bisulphide is poured upon the cotton
it should be pushed into the grain.
The amount necessary
will vary according to the tightness of the bin.
If the bin
is not tight or nearly so the bisulphide remedy will not be
successful.
In a tight bin, one ounce bisulphide to one
hundred pounds of grain, or one pound to the ton, will suffice.
If the grain is in a bin open at the top a thick blanket
should be i)laced over it to confine the fumes of the bisulphide as much as possible. Should the first charge of the
bisulphide fail to kill all the insects within the grain the
ball of cotton can le withdrawn and the charge renewed.
In wheat, oats, and shelled corn, the last method of
treatment is excellent, as the ball of cotton containing the
charge of bisulphide can be very readily placed near the
center of the grain.
Corn not shelled, however, is best
is

by the use

A

INSECTS INJURIOUS TO STORED GRAIN.

18

treated by putting the bisulphide in an open dish or sprinkling it over the top of the grain.
Care should be taken in using the bisulphide, as it is an
explosive substance. Lamps, lighted cigars, and the like,
•should not be brought near where it has been used, but if
care is taken that no light is brought near until the odor of
the bisulphide has passed away, there is perfect safety in

using this remedy.

Corn treated by means of the bisulphide of carbon should
be husked, as the husk affords such protection to
the insects attacking the grain that a much larger amount
is necessary in the treatment of corn in the husk than would
in all cases

otherwise be the case. If the corn
the bisulphide is still more effective.

is

shelled the action of

If no tight bin suitable to treat the grain by means of
the bisulphide of carbon is present upon a farm a small
^'quarantine" bin should be built for this purpose. When
gathered the grain should be put into this bin, treated by
means of the bisulphide, af"ter which it can be placed in other bins or cribs. When treated, the grain should be left in
the bin a day or until the odor of the bisulphide has passed
away. The insects being within the grain when gathered
if it is all treated at this time further treatment will not, as
a rule, be necessary.
Grain treated with the bisulphide of carbon is not injured in any way, as the germinating power of the seed remains intact, and odor from the bisulphide will pass away
in a few days.
The bisulphide of carbon is best obtained direct from
the manufacturer, Edward R. Taylor, Chemist, Cleveland,
Ohio, who sells it in fifty pound cans at ten cents per pound.
It can be obtained in small amounts at the drug stores at
twenty to twenty-five cents per pound, but as it should be
kept on hand for use at any time, obtaining it direct from
the manufacturer will be much cheaper.
To destroy insects infesting mills, quantities of the bisulphide should be placed in open dishes or plates in various elevated parts of the mill, and by means of a sprinkler
bisulphide should be applied to the waste, commencing the
application in the basement and going upward. The mill
should then be closed as tightly as possible and a watchman
employed to see that no lights are brought near until the
odor of the bisulphide has passed off. if a mill is thus
treated on Saturday afternoon, work can be resumed as usThe bisulphide should not be
ual on Monday morning.
applied to an unpainted floor or wall as it will soak into the

MISSISSIPPI
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it will take sometime before the fumes will have
passed away.
P. Morris and Son, millers of Lfebanon, Indiana, in a
recent letter relate their experience in the use of bisulphide

wood and

as follows:

"We commenced

in

the attic and the fumes were

so-

powerful that they drove us out before we succeeded in
placing it where we desired to in the lower stories. So we
would advise to begin in the basement and go up, then you
will be working above the fumes all the time and will only
have to pass through them in going out of the building.

Whenever we could place

it where we knew there were
plenty of insects it killed them all. We think to saturate
waste is an excellent way to apply it is easily placed
wherever you want it and evaporates readily."
In the spring the granaries swarm with large numbers
of grain insects ready to escape to begin their depredations
upon the grain in the field. At this time large numbers can
be readily killed in the granary by means of the bisulphide
of carbon, or by kerosene applied with a hand force pump
If the insects are thus killed in
or a common watering pot.
the spring it will greatly decrease the damage done the following fall and winter.

—
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SUMMARY.
The three

1.

in the

principal insects injurious to stored grain

South are the Angumois grain moth, the black weevil,

and the red grain

beetle,

The transformations and

habits of these insects are
essentially the same, the eggs being laid within the grain
both before and after it is gathered, and the mature insects
coming forth in about three to six weeks after the eggs are
2.

laid.

Their depredations are not confined to any one ceand by their work they cause a marked decrease in the
weight of the grain.
•1.
Other insects are sometimes found in stored grain,
but as a rule are not common in this state and hence cause
but little injury.
If sulphur or salt is sprinkled in husked corn it will
5.
tend to drive the insects away.
6.
Many farmers leave an open space in the roof of the
corn cribs to allow the rain to soak into the corn which causes a heating of the grain during which it is claimed the
3.

real,

weevils are killed.
7.

effect in

China berries placed in corn seem to have but
keeping the corn free from the black weevils.

little

8.
The best remedy for grain insects is by the use of
bisulphide of carbon. For this purpose a "quarantine" bin
should be built, and the grain treated with the bisulphide in
this bin as it is gathered.
9.
The amount of bisulphide will vary with the tightness of the bin, as a rule one ounce of bisulphide to one
hundred pounds grain being sufficient.
10.
As the bisulphide is explosive, lights from matches,
cigars, and the like, should be kept away until the odor of
the fumes have passed off.
11.
The cost of the bisulphide is ten cents per pound
when obtained direct from the manufacturer.
12.
Insects in mills should be treated with the bisulphide, commencing the application in the basement and

going upward.
13.
In the spring the insects in the empty or nearly
empty granaries should be killed by means of the bisulphide
or kerosene, which will largely decrease the damage the

following

fall

and winter.
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A NOTE OF PROGRESS.
Since the first edition of this bulletin was.
PRINTED, IN December, 1891, we have continued our
experiments WITH THE USE OF BISULPHIDE OF CARBON FOR
GRAIN INSECTS^ AND IT HAS BEEN OUR PRACTICE TO APPLY
IT BY SIMPLY POURING IT OVER THE TOP OF THE GRAIN,
AND WE NOW RECOMMEND THIS METHOD OF APPLICATION AS
BEING THE BEST, SiNCE THE BISULPHIDE WAS FIRST RECOMMENDED FOR GRAIN INSECTS IN 1879, MOST WRITERS HAVE
ESTIMATED THAT AN OUNCE WAS REQUIRED TO TREAT ONE
HUNDRED POUNDS OF GRAIN. It HAS BEEN OUR EXPERIENCE, HOWEVER, THAT ONE POUND TO ONE HUNDRED
BUSHELS OF GRAIN IS AMPLY SUFFICIENT TO DESTROY ALL
INSECTS WITHIN THE CRIB. ThIS HAS BEEN THE CASE
EVEN WHEN THE GRAIN WAS IN AN OPEN CRIB, MAKING
THE COST OF TREATMENT ONLY TEN CENTS PER HUNDRED
BUSHELS. In our later work the FUMA BISULPHIDE,
A GRADE RECENTLY INTRODUCED BY Mr. TaYLOR, WAS
USED, THIS BEING MUCH MORE EFFECTIVE THAN THAT
WHICH WAS FORMERLY UPON THE MARKET.

